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である。1964年-1966年の Floydと Kunthの研究により、n ≤ 8に対する Ŝ(n)の値がわかった。
しかし、n > 8に対する Ŝ(n)の値はわかっていなかった。 
 
しかし近年、9 入力ソーティングネットワークを構成するために必要な最小の比較器の数 Ŝ(9)
について、Ŝ(9) = 25 となることが示された。また、10入力ソーティングネットワークを構成す




値を決定するネットワーク部に注目した。結論として、Ŝ(11) ≧ 34 となることを示した。 
 
論文の構成としては、まず第 2 章で 11 入力ソーティングネットワークについて説明を行う。
次に第 3 章では、11 入力ソーティングネットワークにおける min 木というものを定義し、説明
を行う。第 4 章では、第 5 章以降の証明で用いる定理について説明を行う。第 5 章～第 11 章で
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(a) ??? 8? 9???? 1??????????(6.1.2????? 1)
?????????????? (2)?????
? 6.100: (3)-(a)???








 ???????????6.1.1?????? 1????? 3????
??????????
(a) ??? 8?????????????(6.1.1????? 1)
?????????????? (2)?????
? 6.102: (4)-(a)???
(b) ??? 8?????????????(6.1.1????? 2)
?????????????? (2)?????
? 6.103: (4)-(b)???




(d) ??? 8?????????????(6.1.2????? 1)
?????????????? (2)?????
? 6.105: (4)-(d)???







??min1? min2???????????????? min1? min2???
??????????????????????????????????
??????????????
(1) ??? 2???? 6.1.2?????? 1???? 5???? 6.1.1???
??? 1???????? 2???????????????? 2? 5
?????????? 1??????????????























































??????min?? 4-7? (2)??? 11??????????????
??2.4.2????????????????
7.1 4-7? (2)
? 7.1???????min?? 1???4-7? (2)????








(1) ??? 3?????????????????(???? 1)
? 7.2: ????????????? 1
(2) ??? 2?????????????????(???? 2)








(1) ??? 7?????????????????(???? 1)
























































 ???????????7.1.1?????? 1????? 2?????
?????????
1. ??? 5?????????????(7.1.1????? 1)
?????????? (2)??????????? 7.6???? min1
?min2????????? 9??????????????????
?????? 2????????? 1???????????????




2. ??? 5???????????? (7.1.1????? 2)?
?????????? (2)??????????? 7.7???? min1
?min2????????? 8??????????????????
?????? 2????????? 1???????????????
??????min1?min2?????8 + 1 = 9??????? (??
?)??????????????? (2)?????
? 7.7: 2???











 ???????????7.1.1?????? 1????? 2??
????????????

















iii ??? 6?????????????? 2???????
7.5.1????????
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 ???????????7.1.1?????? 1????? 2??
????????????








ii ??? 6?????????????(7.1.1????? 1)
7.5.2????????
iii ??? 6?????????????(7.1.2????? 1)
?????????????? (2)?????
? 7.11: 3-b-iii





 ??? 5?????????????? 2???????
 ??? 2?????????????(7.1.2????? 1)























?????????min1?min2?????8 + 1 = 9??????
? (???)??????????????? (2)?????
? 7.13: (1)-(a)???






 ??? 5?????????????? 2???????
 ??? 2?????????????? 2???????





















?????????min1?min2?????8 + 1 = 9??????
? (???)??????????????? (2)?????
? 7.16: (1)-(a)
(b) ??? 3?????????????(7.1.1????? 2-2)
?????????????? (2)?????
? 7.17: (1)-(b)

























(ii) ??? 4?????????????(7.1.1????? 2-2)
?????????????? (2)?????
? 7.20: (1)-(d)-(ii)





8 + 1 = 9??????? (???)????????????
??? (2)?????
? 7.21: (1)-(d)-(iii)








????min1?min2?????8 + 1 = 9??????? (???)?
?????????????? (2)?????
? 7.23: (2)???






????? 7.1.1?????? 2?????? 2?????????
????????????????????? 5????????
?????








(b) ??? 3?????????????? 2???????
?????????????? (2)?????
? 7.25: (3)-(b)???












?????????min1?min2?????8 + 1 = 9??????
? (???)??????????????? (2)?????
? 7.26: (4)-(a)???
(b) ??? 3?????????????(7.1.1????? 2-2)
?????????????? (2)?????
? 7.27: (4)-(b)???















8 + 1 = 9??????? (???)????????????
??? (2)?????
? 7.28: (4)-(c)-(i)









(iii) ??? 4?????????????(7.1.1????? 2-2)
?????????????? (2)?????
? 7.30: (4)-(c)-(iii)












(i) ??? 4?????????????(7.1.1????? 1)
?????????????? (2)?????
? 7.32: (4)-(d)-(i)









(iii) ??? 4?????????????(7.1.1????? 2-2)
?????????????? (2)?????
? 7.34: (4)-(d)-(iii)
(iv) ??? 4?????????????(7.1.2????? 1)
?????????????? (2)?????
? 7.35: (4)-(d)-(iv)






 ??? 5?????????????? 2???????
 ??? 2?????????????? 2???????
















(a) ??? 7?????????????(7.1.1????? 1)
?????????????? (2)?????
? 7.38: (1)-(a)
(b) ??? 7?????????????(7.1.1????? 2-1)
?????????????? (2)?????
? 7.39: (1)-(b)




(d) ??? 7?????????????? 2???????
?????????????? (2)?????
? 7.41: (1)-(d)
































8 + 1 = 9??????? (???)????????????
??? (2)?????
? 7.43: (2)-(a)-(ii)




(iv) ??? 4?????????????? 2???????
?????????????? (2)?????
? 7.45: (2)-(a)-(iv)
(b) ??? 7?????????????? 2???????
?????????????? (2)?????
? 7.46: (2)-(b)




 ???????????7.1.1?????? 1????? 2????
??????????
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(a) ??? 7?????????????(7.1.1????? 1)
?????????????? (2)?????
? 7.47: (3)-(a)
(b) ??? 7?????????????(7.1.1????? 2)
?????????????? (2)?????
? 7.48: (3)-(b)





??????min?? 5-6? (1)??? 11??????????????
??2.4.2????????????????
8.1 5-6? (1)
? 8.1???????min?? 1???5-6? (1)????








(1) ??? 3?????????????????(???? 1)
? 8.2: ????????????? 1
(2) ??? 4?????????????????(???? 2)
? 8.3: ????????????? 2
(3) ??? 2???? 4????????(???? 3)








????????????????????? 1????? 2????? 1
?????????????
(1) ??? 7?????????????????(???? 1)
? 8.5: ????????????? 1
(2) ??? 8?????????????????(???? 2)



























































1. ??? 2?????????????(8.1.2????? 1)
?????????? (2)??????????? 8.8???? min1
?min2????????? 8??????????????????
?min2?????? 2????????? 1???????????








 ???????????8.1.1?????? 1????? 3???
???????????




????????????min1?min2?????9 + 1 = 10??
????? (???)??????????????? (2)?????
? 8.9: 2-a???












????????????min1?min2?????8 + 1 = 9???
???? (???)??????????????? (2)?????
? 8.11: 2-c???




 ???????????8.1.1?????? 2????? 3??
?????????????????????????????
?????? 1???????????????
i ??? 3?????????????(8.1.1????? 2)
8.5.1???????
ii ??? 3?????????????(8.1.1????? 3)
8.5.2???????
iii ??? 3?????????????(8.1.2????? 1)
8.5.3???????





 ??? 2?????????????? 2???????
 ??? 6?????????????? 2???????





















(a) ??? 7?????????????(8.1.2????? 1)
?????????????? (2)?????
? 8.13: (1)-(a)???
(b) ??? 7?????????????? 2???????
?????????????? (2)?????
? 8.14: (1)-(b)???






 ??? 2?????????????? 2???????
 ??? 6?????????????? 2???????










































????????????min1?min2?????8 + 1 = 9???
???? (???)??????????????? (2)?????
? 8.19: (2)-(a)???
(b) ??? 8?????????????? 2???????
?????????????? (2)?????
? 8.20: (2)-(b)???






 ??? 2?????????????? 2???????
 ??? 6?????????????? 2???????










(1) ??? 7?????????????(8.1.1????? 2)
?????????? (2)??????????? 8.23???? min1
? min2????????? 8??????????????????
? min2?????? 2????????? 1???????????



















(b) ??? 8?????????????? 2???????
?????????????? (2)?????
? 8.25: (2)-(b)???
(3) ??? 7?????????????(8.1.2?????? 1)
?????????????? (2)?????
? 8.26: (3)???




 ???????????8.1.1?????? 1????? 3????
??????????









(b) ??? 8?????????????(8.1.1?????? 2)
?????????????? (2)?????
? 8.28: (4)-(b)???









 ??? 2?????????????? 2???????
 ??? 6?????????????? 2???????





 ???????????8.1.1?????? 1????? 3?????
?????????
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(a) ??? 8?????????????(8.1.1?????? 2)
?????????????? (2)?????
? 8.32: (1)-(a)???
(b) ??? 8?????????????(8.1.1?????? 3)
????????????? (2)?????
? 8.33: (1)-(b)???









(d) ??? 8?????????????? 2???????
?????????????? (2)?????
? 8.35: (1)-(d)???




(3) ??? 7?????????????(8.1.1?????? 3)
?????????????? (2)?????
? 8.37: (3)???








 ???????????8.1.1?????? 1????? 3????
??????????












????????????min1?min2?????8 + 1 = 9???
???? (???)??????????????? (2)?????
? 8.39: (4)-(b)???
(c) ??? 8?????????????(8.1.1?????? 3)
?????????????? (2)?????
? 8.40: (4)-(c)???









? 2.4.2??????? (2)????????????????? 8??
???????????? 2????????????????????






??????min?? 5-6? (2)??? 11??????????????
??2.4.2????????????????
9.1 5-6? (2)
? 9.1???????min?? 1???5-6? (2)????








(1) ??? 3?????????????????(???? 1)
? 9.2: ????????????? 1
(2) ??? 4?????????????????(???? 2)
? 9.3: ????????????? 2
(3) ??? 2???? 4????????(???? 3)








(1) ??? 8?????????????????(???? 1)
? 9.5: ????????????? 1
(2) ??? 6???? 8????????(???? 2)


























































 ???????????9.1.1?????? 1????? 3?????
?????????
1. ??? 6?????????????(9.1.1????? 1)
?????????? (2)??????????? 9.9???? min1
?min2????????? 8??????????????????
?min2?????? 2????????? 1???????????








??????????min1?min2?????8 + 1 = 9??????
? (???)??????????????? (2)?????
? 9.10: 2???









a ??? 2?????????????? 2???????
??? 7??????????????i?iv?????????











??8 + 1 = 9??????? (???)???????????
???? (2)?????
? 9.11: 3-a-i???














??8 + 1 = 9??????? (???)???????????
???? (2)?????
? 9.13: 3-a-iii???
iv ??? 7?????????????? 2???????
9.5.1???????
4. ??? 6?????????????? 2???????
??? 2??????????????a?c?????????

















 ???????????9.1.1?????? 1????? 3??
????????????














??8 + 1 = 9??????? (???)???????????
???? (2)?????
? 9.16: 4-b-ii???





??8 + 1 = 9??????? (???)???????????
???? (2)?????
? 9.17: 4-b-iii???
iv ??? 7?????????????? 2???????
9.5.2???????
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c ??? 2?????????????? 2???????
??? 7??????????????i?vi?????????









??8 + 1 = 9??????? (???)???????????
???? (2)?????
? 9.18: 4-c-i???









iii ??? 7?????????????(9.1.1????? 3)
9.5.3???????
iv ??? 7?????????????(9.1.2????? 1)
?????????????? (2)?????
? 9.20: 4-c-iv???
v ??? 7?????????????(9.1.2????? 2)
9.5.4???????





 ??? 2?????????????? 2???????
 ??? 6?????????????(9.1.1????? 3)
 ??? 7?????????????? 2???????
? 9.21: 3-a-iv
??? 3??????????????(1)?(3)?????????




?? 9.1.1?????? 3?????????????????? 2?
???? 3????????????? 5?????????????
(1) ??? 3?????????????(9.1.2? ???? 1)
?????????? (2)??????????? 9.22???? min1
? min2????????? 8??????????????????
? min2?????? 2????????? 1???????????




(2) ??? 3?????????????(9.1.2? ???? 2)
?????????? (2)??????????? 9.23???? min1
? min2????????? 8??????????????????
? min2?????? 2????????? 1???????????
??????????min1?min2?????8 + 1 = 9??????
? (???)??????????????? (2)?????
? 9.23: (2)???
(3) ??? 3?????????????? 2???????
??? 9??????????????(a)?(d)?????????






(a) ??? 9?????????????(9.1.1? ???? 1)
??? 10??????????????(i)?(iv)?????????







(i) ??? 10?????????????(9.1.2? ???? 1)
?????????? (2)??????????? 9.24???
?min1?min2????????? 8???????????
???????? min2?????? 2????????? 1
?????????????????????min1?min2?
????8 + 1 = 9??????? (???)????????
??????? (2)?????
? 9.24: (3)-(a)-(i)???
(ii) ??? 10?????????????(9.1.2? ???? 2)
?????????? (2)??????????? 9.25???
?min1?min2????????? 8???????????
???????? min2?????? 2????????? 1
?????????????????????min1?min2?




(iii) ??? 10?????????????? 2???????
?????????????? (2)?????
? 9.26: (3)-(a)-(iii)???




????????????min1?min2?????8 + 1 = 9???
???? (???)??????????????? (2)?????
? 9.27: (3)-(b)???








(d) ??? 9?????????????? 2???????
??? 10??????????????(i)?(iv)?????????






(i) ??? 10?????????????(9.1.1? ???? 1)
?????????????? (2)?????
? 9.29: (3)-(d)-(i)???
(ii) ??? 10?????????????(9.1.2? ???? 1)
?????????? (2)??????????? 9.30???
?min1?min2????????? 8???????????
???????? min2?????? 2????????? 1
?????????????????????min1?min2?




(iii) ??? 10?????????????(9.1.2? ???? 2)
?????????? (2)??????????? 9.31???
?min1?min2????????? 8???????????
???????? min2?????? 2????????? 1
?????????????????????min1?min2?
????8 + 1 = 9??????? (???)????????
??????? (2)?????
? 9.31: (3)-(d)-(iii)???






 ??? 2?????????????(9.1.2????? 2)
 ??? 6?????????????? 2???????






 ???????????9.1.1?????? 2????? 3?????
???????????????????????????????
??9.1.1?????? 1??????????????
(1) ??? 3?????????????(9.1.1????? 2)
?????????? (2)??????????? 9.34???? min1
? min2????????? 8??????????????????
? min2?????? 2????????? 1???????????




(2) ??? 3?????????????(9.1.1????? 3)
?????????? (2)??????????? 9.35???? min1
? min2????????? 8??????????????????
? min2?????? 2????????? 1???????????
??????????min1?min2?????8 + 1 = 9??????
? (???)??????????????? (2)?????
? 9.35: (2)???





 ???????????9.1.1?????? 1????? 3????
??????????





 ???????????9.1.1?????? 2????? 3??
????????????
(i) ??? 10?????????????(9.1.1????? 2)
?????????? (2)??????????? 9.36???
?min1?min2????????? 8???????????
???????? min2?????? 2????????? 1
?????????????????????min1?min2?




(ii) ??? 10?????????????(9.1.1????? 3)
?????????? (2)??????????? 9.37???
?min1?min2????????? 8???????????
???????? min2?????? 2????????? 1
?????????????????????min1?min2?
????8 + 1 = 9??????? (???)????????
??????? (2)?????
? 9.37: (3)-(a)-(ii)???








????????????min1?min2?????8 + 1 = 9???
???? (???)??????????????? (2)?????
? 9.39: (3)-(b)???




????????????min1?min2?????8 + 1 = 9???
???? (???)??????????????? (2)?????
? 9.40: (3)-(c)???





 ???????????9.1.1?????? 1????? 3??
????????????
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(i) ??? 10?????????????(9.1.1????? 1)
?????????????? (2)?????
? 9.41: (3)-(d)-(i)???
(ii) ??? 10?????????????(9.1.1????? 2)
?????????? (2)??????????? 9.42???
?min1?min2????????? 8???????????
???????? min2?????? 2????????? 1
?????????????????????min1?min2?




(iii) ??? 10?????????????(9.1.1????? 3)
?????????? (2)??????????? 9.43???
?min1?min2????????? 8???????????
???????? min2?????? 2????????? 1
?????????????????????min1?min2?
????8 + 1 = 9??????? (???)????????
??????? (2)?????
? 9.43: (3)-(d)-(iii)???






 ??? 2?????????????? 2???????
 ??? 6?????????????? 2???????
 ??? 7?????????????(9.1.1????? 3)
? 9.45: 4-c-iii
??? 3??????????????(1)?(3)?????????




? 9.1.1?????? 3?????????????????? 2??
??? 3?????????????? 5?????????????













????????????min1?min2?????8 + 1 = 9???
???? (???)??????????????? (2)?????
? 9.46: (1)-(a)???






??? 2????? 3??????????????? 5?????
?????




(c) ??? 9?????????????? 2???????
?????????????? (2)?????
? 9.48: (1)-(c)???



















(i) ??? 10?????????????? 2???????
?????????????? (2)?????
? 9.49: (2)-(a)-(i)???
(b) ??? 9?????????????? 2???????
?????????????? (2)?????
? 9.50: (2)-(b)???
(3) ??? 3?????????????? 2???????
??? 9??????????????(a)?(d)?????????





(a) ??? 9?????????????(9.1.1????? 1)
??? 10??????????????(i)?(iii)?????????







(i) ??? 10?????????????(9.1.2????? 1)
?????????????? (2)?????
? 9.51: (3)-(a)-(i)???
(ii) ??? 10?????????????(9.1.2????? 2)
?????????????? (2)?????
? 9.52: (3)-(a)-(ii)???




(b) ??? 9?????????????(9.1.2????? 1)
?????????????? (2)?????
? 9.54: (3)-(b)???
(c) ??? 9?????????????(9.1.2????? 2)
?????????????? (2)?????
? 9.55: (3)-(c)???
(d) ??? 9?????????????? 2???????
??? 10??????????????(a)?(d)?????????







(i) ??? 10?????????????(9.1.1????? 1)
?????????????? (2)?????
? 9.56: (3)-(d)-(i)???
(ii) ??? 10?????????????(9.1.2????? 1)
?????????????? (2)?????
? 9.57: (3)-(d)-(ii)???









 ??? 2?????????????? 2???????
 ??? 6?????????????? 2???????





















(a) ??? 4?????????????? 2???????
?????????????? (2)?????
? 9.61: (1)-(a)???



















(i) ??? 9?????????????? 2???????
?????????????? (2)?????
? 9.62: (2)-(a)-(i)???









 ???????????9.1.1?????? 1????? 3????
??????????





 ???????????9.1.1?????? 2????? 3??
????????????
(i) ??? 10?????????????(9.1.1????? 2)
?????????????? (2)?????
? 9.64: (3)-(a)-(i)???




(iii) ??? 10?????????????? 2???????
?????????????? (2)?????
? 9.66: (3)-(a)-(iii)???
(b) ??? 9?????????????(9.1.1????? 2)
?????????????? (2)?????
? 9.67: (3)-(b)???









 ???????????9.1.1?????? 1????? 3??
????????????
(i) ??? 10?????????????(9.1.1????? 1)
?????????????? (2)?????
? 9.69: (3)-(d)-(i)???




(iii) ??? 10?????????????(9.1.1????? 3)
?????????????? (2)?????
? 9.71: (3)-(d)-(iii)???






 ??? 2?????????????? 2???????
 ??? 6?????????????? 2???????
 ??? 7?????????????? 2???????
??? 3??????????????(1)?(5)?????????
 ???????????9.1.2?????? 1????? 2?????
?????????
 ???????????9.1.1?????? 2????? 3?????
???????????????????????????????
?????? 1??????????????
(1) ??? 3?????????????(9.1.1????? 2)
??? 4??????????????(a)?(c)?????????












(b) ??? 4?????????????(9.1.2????? 2)
?????????????? (2)?????
? 9.74: (1)-(b)???
(c) ??? 4?????????????? 2???????
?????????????? (2)?????
? 9.75: (1)-(c)???
(2) ??? 3?????????????(9.1.1????? 3)
??? 4??????????????(a)?(c)?????????






(a) ??? 4?????????????(9.1.1????? 1)
??? 9??????????????(i)?(iii)?????????






(i) ??? 9?????????????(9.1.2????? 1)
?????????????? (2)?????
? 9.76: (2)-(a)-(i)???
(ii) ??? 9?????????????(9.1.2????? 2)
?????????????? (2)?????
? 9.77: (2)-(a)-(ii)???




(b) ??? 4?????????????(9.1.2????? 1)
?????????????? (2)?????
? 9.79: (2)-(b)???
(c) ??? 4?????????????(9.1.2????? 2)
??????????????? (2)?????
? 9.80: (2)-(c)???








 ???????????9.1.1?????? 1????? 3????
??????????




????????????min1?min2?????8 + 1 = 9???
???? (???)??????????????? (2)?????
? 9.82: (3)-(a)???




(c) ??? 9?????????????(9.1.1????? 3)
?????????????? (2)?????
? 9.84: (3)-(c)???





 ???????????9.1.1?????? 1????? 3??
????????????
(i) ??? 5?????????????(9.1.1????? 1)
?????????? (2)??????????? 9.85???
?min1?min2????????? 8???????????
???????? min2?????? 2????????? 1
?????????????????????min1?min2?




(ii) ??? 5?????????????(9.1.1????? 2)
?????????????? (2)?????
? 9.86: (3)-(d)-(ii)???
(iii) ??? 5?????????????(9.1.1????? 3)
?????????????? (2)?????
? 9.87: (3)-(d)-(iii)???




(e) ??? 9?????????????? 2???????
?????????????? (2)?????
? 9.89: (3)-(e)???





 ???????????9.1.1?????? 1????? 3????
??????????





 ???????????9.1.1?????? 2????? 3??
????????????




(ii) ??? 10?????????????(9.1.1????? 3)
?????????????? (2)?????
? 9.91: (4)-(a)-(ii)???
(iii) ??? 10?????????????? 2???????
?????????????? (2)?????
? 9.92: (4)-(a)-(iii)???




(c) ??? 9?????????????(9.1.1????? 3)
?????????????? (2)?????
? 9.94: (4)-(c)???
(d) ??? 9?????????????? 2???????
?????????????? (2)?????
? 9.95: (4)-(d)???
(5) ??? 3?????????????? 2???????
??? 9??????????????(a)?(f)?????????
 ???????????9.1.2?????? 1????? 2????
??????????
 ???????????9.1.1?????? 1????? 3????
??????????
(a) ??? 9?????????????(9.1.1????? 1)
??? 4??????????????(i)?(iii)?????????








(i) ??? 4?????????????(9.1.2????? 1)
?????????????? (2)?????
? 9.96: (5)-(a)-(i)???
(ii) ??? 4?????????????(9.1.2????? 2)
?????????????? (2)?????
? 9.97: (5)-(a)-(ii)???




(b) ??? 9?????????????(9.1.1????? 2)
?????????????? (2)?????
? 9.99: (5)-(b)???
(c) ??? 9?????????????(9.1.1????? 3)
?????????????? (2)?????
? 9.100: (5)-(c)???




(e) ??? 9?????????????(9.1.2????? 2)
?????????????? (2)?????
? 9.102: (5)-(e)???
(f) ??? 9?????????????? 2???????
??? 10??????????????(i)?(vi)?????????
 ???????????9.1.2?????? 1????? 2??
????????????
 ???????????9.1.1?????? 1????? 3??
????????????




(ii) ??? 10?????????????(9.1.1????? 2)
?????????????? (2)?????
? 9.104: (5)-(f)-(ii)???
(iii) ??? 10?????????????(9.1.1????? 3)
?????????????? (2)?????
? 9.105: (5)-(f)-(iii)???




(v) ??? 10?????????????(9.1.2????? 2)
?????????????? (2)?????
? 9.107: (5)-(f)-(v)???





??????min?? 5-6? (3)??? 11??????????????
??2.4.2????????????????
10.1 5-6? (3)









????????????????????? 1????? 2????? 1
?????????????
(1) ??? 7?????????????????(???? 1)
? 10.2: ????????????? 1
(2) ??? 8?????????????????(???? 2)








(1) ??? 2?????????????????(???? 1)












































































????????????min1?min2?????8 + 1 = 9???
???? (???)??????????????? (2)?????
? 10.7: 2-a???















ii ??? 2?????????????? 2???????
10.5.1????????






i ??? 2?????????????(10.1.1????? 1)
10.5.2????????





 ??? 6?????????????? 2???????
 ??? 3?????????????(10.1.2????? 1)





















(a) ??? 8?????????????? 2???????
?????????????? (2)?????
? 10.11: (2)-(a)???
(b) ??? 8?????????????(10.1.2????? 1-1)
?????????? (2) ??????????? 10.12 ????
min1?min2????????? 8??????????????
?????min2?????? 2????????? 1??????





(c) ??? 8?????????????(10.1.2????? 1-2)
?????????????? (2)?????
? 10.13: (2)-(c)???








 ??????????????????????? 10.1.2 ???
??? 1?????? 2???????????????????
??????????? 5?????????????
(a) ??? 8?????????????(10.1.1????? 1)
?????????????? (2)?????
? 10.15: (4)-(a)






 ??? 6?????????????? 2???????
 ??? 3?????????????? 2???????



















(a) ??? 8?????????????? 2???????
?????????????? (2)?????
? 10.18: (1)-(a)???
(b) ??? 8?????????????(10.1.2????? 1)
?????????? (2) ??????????? 10.19 ????
min1?min2????????? 8??????????????
?????min2?????? 2????????? 1??????










 ??? 6?????????????? 2???????
 ??? 3?????????????? 2???????
















(b) ??? 8?????????????(10.1.1????? 1)
?????????????? (2)?????
? 10.22: (1)-(b)???
(c) ??? 8?????????????(10.1.2????? 1)
?????????????? (2)?????
? 10.23: (1)-(c)???









(a) ??? 8?????????????? 2???????
?????????????? (2)?????
? 10.24: (2)-(a)???












(ii) ??? 9????????????(10.1.1????? 1)
?????????????? (2)?????
? 10.26: (2)-(b)-(ii)???
(iii) ??? 9?????????????(10.1.2????? 1-1)
?????????????? (2)?????
? 10.27: (2)-(b)-(iii)???











(a) ??? 8?????????????? 2???????
?????????????? (2)?????
? 10.29: (3)-(a)???









(i) ??? 9?????????????? 2???????
?????????????? (2)?????
? 10.30: (3)-(b)-(i)???
(ii) ??? 9?????????????(10.1.1????? 2)
?????????????? (2)?????
? 10.31: (3)-(b)-(ii)???




(iv) ??? 9?????????????(10.1.2????? 1-2)
?????????????? (2)?????
? 10.33: (3)-(b)-(iv)???
(c) ??? 8?????????????(10.1.2????? 1-1)
?????????????? (2)?????
? 10.34: (3)-(c)???





??????min?? 5-6? (4)??? 11??????????????
??2.4.2????????????????
11.1 5-6? (4)
? 11.7???????min?? 1???5-6? (4)????







(1) ??? 2?????????????????(???? 1)








(1) ??? 8?????????????????(???? 1)
? 11.3: ????????????? 1
(2) ??? 6???? 8????????(???? 2)






















































? 11.6: 5-6? (4) (??)
??? 3??????????????1?4?????????




1 ??? 3?????????????(11.1.1????? 1)
??? 2??????????????a?c?????????












b ??? 2?????????????(11.1.2????? 2)
?????????? (2)??????????? 11.8???? min1
? min2????????? 8??????????????????
?min2?????? 2????????? 1???????????
??????????min1?min2?????8 + 1 = 9??????
? (???)??????????????? (2)?????
? 11.8: 1-b???












????????????min1?min2?????8 + 1 = 9???
???? (???)??????????????? (2)?????
? 11.9: 1-c-i???
ii ??? 6?????????????(11.1.1????? 1-2)
11.5.1???????
iii ??? 6?????????????? 2???????
11.5.2???????


















??????????min1?min2?????8 + 1 = 9??????
? (???)??????????????? (2)?????
? 11.11: 3-a???







i ??? 7?????????????(11.1.1????? 1)
11.5.3???????
ii ??? 7?????????????? 2???????
11.5.4???????
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4 ??? 3?????????????? 2???????
??? 2??????????????a?c?????????












i ??? 6?????????????? 2???????
11.5.5???????








i ??? 6?????????????? 2???????
11.5.6???????






i ??? 6?????????????(11.1.1????? 1)
11.5.7???????





 ??? 3?????????????(11.1.1????? 1)
 ??? 2?????????????? 2???????














 ??? 3?????????????(11.1.1????? 1)
 ??? 2?????????????? 2???????
 ??? 6?????????????? 2???????
? 11.14: 1-c-iii
??? 7??????????????(1)?(5)?????????





(1) ??? 7?????????????(11.1.1????? 1-1)
?????????? (2)??????????? 11.15????min1
? min2????????? 8??????????????????
? min2?????? 2????????? 1???????????




(2) ??? 7?????????????(11.1.1????? 1-2)
?????????????? (2)?????
? 11.16: (2)???
(3) ??? 7?????????????(11.1.2????? 1)
?????????????? (2)?????
? 11.17: (3)???
















(i) ??? 9?????????????? 2???????
?????????????? (2)?????
? 11.18: (4)-(a)-(i)???




(c) ??? 8?????????????? 2???????
?????????????? (2)?????
? 11.20: (4)-(c)???
(5) ??? 7?????????????? 2???????
??? 9??????????????(a)?(e)?????????





(a) ??? 9?????????????(11.1.1????? 1-1)
??? 10??????????????(i)?(iii)?????????









(ii) ??? 10?????????????(11.1.2????? 2)
?????????????? (2)?????
? 11.22: (5)-(a)-(ii)???
(iii) ??? 10?????????????? 2???????
?????????????? (2)?????
? 11.23: (5)-(a)-(iii)???




(c) ??? 9?????????????(11.1.2????? 1)
?????????????? (2)?????
? 11.25: (5)-(c)???
(d) ??? 9?????????????(11.1.2????? 2)
?????????????? (2)?????
? 11.26: (5)-(d)???






 ??? 3?????????????(11.1.2????? 2)
 ??? 7?????????????(11.1.1????? 1)
 ??? 6?????????????? 2???????
? 11.28: 3-b-i





???????????????????????? 8? 9? 10??
???? 1??????????????????????????









 ??? 3?????????????(11.1.2????? 2)
 ??? 7?????????????? 2???????
 ??? 6?????????????? 2???????
? 11.31: 3-b-ii





?????? 8? 9? 10?????? 1?????????????
2????????????? 2????????????????
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(1) ??? 8?10???? 2??????????(11.1.1????? 1)
?????????????? (2)?????
? 11.32: (1)???
(2) ??? 8?10???? 1??????????(11.1.1????? 1)
?????????????? (2)?????
? 11.33: (2)???






 ??? 2?????????????(11.1.2????? 1)
 ??? 3?????????????? 2???????










(1) ??? 8?????????????? 2???????
??? 9? 10??????????????(a)?(b)?????????
 ???????????11.1.2?????? 1?????????

















 ??? 2?????????????(11.1.2????? 2)
 ??? 3?????????????? 2???????








(1) ??? 7?????????????(11.1.1????? 1)
??? 8? 9? 10??????????????(a)?????????








(a) ??? 8?10?????????????? 2???????
?????????????? (2)?????
? 11.39: (1)-(a)???
(2) ??? 7?????????????? 2???????
??? 9? 10??????????????(a)?(b)?????????



















 ??? 2?????????????? 2???????
 ??? 3?????????????? 2???????












(1) ??? 7?????????????? 2???????









(a) ??? 8?10???? 1??????????(11.1.1????? 1)
?????????????? (2)?????
? 11.43: (1)-(a)???






 ??? 2?????????????? 2???????
 ??? 3?????????????? 2???????
 ??? 6?????????????? 2???????
? 11.45: 4-c-ii
??? 7??????????????(1)?(4)?????????




(1) ??? 7?????????????(11.1.1????? 1)
??? 9??????????????(a)?(e)?????????





(a) ??? 9?????????????(11.1.1????? 1-1)
??? 10??????????????(i)?(iii)?????????






(i) ??? 10?????????????(11.1.2????? 1)
?????????????? (2)?????
? 11.46: (1)-(a)-(i)???
(ii) ??? 10?????????????(11.1.2????? 2)
?????????????? (2)?????
? 11.47: (1)-(a)-(ii)???




(b) ??? 9?????????????(11.1.1????? 1-2)




2 = 9??????? (???)??????????????? (2)
?????
? 11.49: (1)-(b)???












(ii) ??? 8?????????????(11.1.1????? 1-2)
?????????? (2)??????????? 11.51??
?? min1? min2????????? 7?????????
??????????min2?????? 2????????
? 2???????????????????????min1?
min2?????7 + 2 = 9??????? (???)????
??????????? (2)?????
? 11.51: (1)-(c)-(ii)???
(iii) ??? 8?????????????? 2???????
?????????????? (2)?????
? 11.52: (1)-(c)-(iii)???









(i) ??? 8?????????????(11.1.1????? 1-1)
?????????????? (2)?????
? 11.53: (1)-(d)-(i)???
(ii) ??? 8?????????????(11.1.1????? 1-2)
?????????? (2)??????????? 11.54??
?? min1? min2????????? 7?????????
??????????min2?????? 2????????
? 2???????????????????????min1?
min2?????7 + 2 = 9??????? (???)????
??????????? (2)?????
? 11.54: (1)-(d)-(ii)???




(e) ??? 9?????????????? 2???????
??? 4??????????????(i)?(v)?????????






(i) ??? 4?????????????(11.1.1????? 1-1)
?????????????? (2)?????
? 11.56: (1)-(e)-(i)???
(ii) ??? 4?????????????(11.1.1????? 1-2)
?????????? (2)??????????? 11.57??
?? min1? min2????????? 7?????????
??????????min2?????? 2????????
? 2???????????????????????min1?




(iii) ??? 4?????????????(11.1.2????? 1)
?????????????? (2)?????
? 11.58: (1)-(e)-(iii)???
(iv) ??? 4?????????????(11.1.2????? 2)
?????????????? (2)?????
? 11.59: (1)-(e)-(iv)???















(2) ??? 7?????????????(11.1.2????? 1)
?????????????? (2)?????
? 11.61: (2)???
(3) ??? 7?????????????(11.1.2????? 2)
??? 9? 10??????????????(a)?(c)?????????




















(4) ??? 7?????????????? 2???????
??? 9??????????????(a)?(d)?????????




(a) ??? 9?????????????(11.1.1????? 1)
??? 10??????????????(i)?(v)?????????






(i) ??? 10?????????????(11.1.1????? 1-1)
?????????????? (2)?????
? 11.65: (4)-(a)-(i)???




(iii) ??? 10?????????????(11.1.2????? 1)
?????????????? (2)?????
? 11.67: (4)-(a)-(iii)???
(iv) ??? 10?????????????(11.1.2????? 2)
?????????????? (2)?????
? 11.68: (4)-(a)-(iv)???




(b) ??? 9?????????????(11.1.2????? 1)
?????????????? (2)?????
? 11.70: (4)-(b)???




(d) ??? 9?????????????? 2???????
??? 10??????????????(i)?(iv)?????????




(i) ??? 10?????????????(11.1.1????? 1)
?????????????? (2)?????
? 11.72: (4)-(d)-(i)???




(iii) ??? 10?????????????(11.1.2????? 2)
?????????????? (2)?????
? 11.74: (4)-(d)-(iii)???















 4-8?? 2??5-7?? 2?????6-6?? 4???? 8?????
13?????
 ?????min???5-8??6-7?? 2??????
 5-8?? 2??6-7?? 2??????? 4?????
14?????
 ?????min???6-8??7-7?? 2??????
 6-8?? 2??6-7?? 1??????? 3?????
15?????
 ?????min???7-8?? 2??????
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